Abstract. Differentiation between adenomyomatosis (ADM) and cancer of the gallbladder is necessary during diagnosis. Diffusion-weighted whole body imaging with background body signal suppression (DWIBS) images are able to indicate cancer and inflammation. The fusion of a DWIBS with a T2 weighted image (DWIBS/T2) facilitates both functional and anatomical investigations. In the present study, patient records and images from patients with surgically confirmed ADM from April 2012 to October 2014 were analyzed retrospectively. The enrolled patients, including 6 men (64.2±13.1 years) and 4 women (57.3±12.4 years) were subjected to DWIBS/T2 during routine clinical practice. The diagnosis of ADM was based on magnetic resonance cholangiopancreatography, transabdominal ultrasonography, and endoscopic ultrasonography; ADM was diagnosed definitively when cystic lesions were observed, indicating the Rokitansky-Aschoff sinus. A single patient was indicated to be positive by DWIBS/T2 imaging. The Rokitansky-Aschoff sinus revealed a relatively high signal intensity; however, it was not as strong as that of the spleen. The signal intensity was also high on an apparent diffusion coefficient map, suggesting T2 shine-through. The thickened wall displayed low signal intensity. The aforementioned results indicate that ADM may be negative upon DWIBS/T2 imaging; one false positive case was determined to be ADM, accompanied by chronic cholecystitis. The majority of patients with ADM displayed negative findings upon DWIBS/T2 imaging, and chronic cholecystitis may cause false positives.
Introduction
Adenomyomatosis of the gallbladder (ADM) is defined as the epithelial proliferation and hypertrophy of the muscles of the gallbladder wall (1) . An outpouching of the gallbladder mucosa into the thickened muscular layer is termed Rokitansky-Aschoff sinus (2) . ADM may be further divided into three subtypes: Fundal, segmental and diffuse (3) . A major challenge in ADM diagnosis arises from the difficulty in distinguishing the disease from gallbladder cancer (4) .
Recent advances in diagnostic imaging have improved the distinction between ADM and gallbladder cancer. Contrast-enhanced endoscopic ultrasonography (EUS) is beneficial for the differential diagnosis of gallbladder wall thickening (5) . High-resolution ultrasound is also advantageous for differentiating gallbladder cancers from ADM (6); however, the challenge of differentiating gallbladder cancer from ADM has yet to be resolved. A primary cause of the challenge is intratumoral cystic components, which create difficulty in discerning between gallbladder cancer and ADM (7) .
Diffusion-weighted whole body imaging with background body signal suppression (DWIBS) images are acquired through multiple-signal averaging, pre-pulse fat suppression, and heavy diffusion weighting during free breathing (8); DWIBS is based upon diffusion-weighted imaging (DWI), which visualizes and assesses the random movement of water at the molecular level (Brownian motion) (9, 10 ). An advantage of DWIBS is that it provides a strong contrast of cancerous tissues against the adjacent non-cancerous tissues, which is useful for detection and staging, and for monitoring the response to therapy (11) . A major limitation of DWIBS is that anatomical analysis may occasionally prove difficult (12, 13 (11, 14, 15) ; these DWIBS/T2 images can clearly provide functional information about the anatomy. Therefore, DWIBS/T2 images of ADM were analyzed in the present study in order to investigate the distinctions between ADM and gallbladder cancer. Diagnosis of ADM. The diagnosis of ADM was based upon imaging techniques, including computed tomography (CT; SOMATOM Emotion 16; Siemens AG, Munich, Germany), transabdominal ultrasonography (US; SSA-700A; Toshiba Medical Systems Corporation, Ohtawara, Japan), EUS (GF-UCT260; Olympus Corporation, Tokyo, Japan) and magnetic resonance cholangiopancreatography (MRCP; Philips Healthcare, DA Best, The Netherlands), with Achieva Software version 3.2.2 The diagnosis of ADM was predominately based on the visualization of the Rokitansky-Aschoff sinus by MRCP, as represented by the pearl necklace sign (16) . Wall thickening >10 mm, disruption of the normal layers of the gallbladder wall and hypoechoic lesions in the wall were absent upon US and EUS (17) . Microcysts were observed during examination using US and EUS, indicating the presence of the Rokitansky-Aschoff sinus (18) . CT imaging was applied for the detection of the wall thickening (19) .
Patients and methods

Patients
Magnetic resonance imaging (MRI).
All MRI examinations were performed using an 1.5 Tesla scanner (Achieva, software version 3.2.2; Philips Medical Systems B.V., Eindhoven, The Netherlands). The T1-weighted images (T1WIs), T2WIs and diffusion-weighted images were obtained with pulse sequences, as depicted in Table I . The DWIBS/T2 images were constructed with the Extended MR WorkSpace (Philips Medical Systems B.V.), and the sequences are displayed in Table I . DWI gradients were applied along the x-, y-and z-axes prior to and after a 180˚ inversion pre-pulse to obtain fat-saturated, isotropic images with DWI sensitivity using the following parameters for a single stack: b value, 0 mm 2 /sec and 800 mm 2 /sec; repetition time/echo time/inversion recovery, 6,960/79/150 msec; acquisition averages. An apparent diffusion coefficient (ADC) map was produced from the recorded ADC values in order to eliminate the possibility of T2 shine-through and to differentiate malignant lesions from non-malignant causes of restricted diffusion (20) . Table II . All variables were within normal limits. Upon DWIBS/T2 imaging, only 1 patient had positive results. Cystic lesions in the thickened wall exhibited a relatively high signal intensity upon DWIBS/T2 imaging; however, the intensity was not as strong as that from the spleen (Fig. 1A) . The spleen displayed high signal intensity upon DWIBS/T2 imaging. The intensity of the cystic lesion was also high on the ADC map (Fig. 1B) , indicating the presence of T2 shine-through. It was determined that the cystic lesion was a Rokitansky-Aschoff sinus. Low signal intensity was observed for the thickened wall. The aforementioned results indicate that ADM may be negative upon DWIBS/T2 imaging.
Results
ADM is negative upon DWBS/T2 imaging. Patient characteristics are displayed in
ADM is concomitant with chronic cholecystitis.
A high signal intensity was observed upon DWIBS/T2 imaging for a second patient (Fig. 1C) ; however, the patient's ADC map did not reveal any high intensity signals (Fig. 1D) . It was suggested that the patient may have gallbladder cancer; however, the pearl necklace sign (21) was observed during MRCP (Fig. 1E) . Due to the complexities involved in differentiating between ADM and gallbladder cancer, the patient underwent surgery. The surgical specimen revealed the presence of ADM concomitant with chronic cholecystitis (Fig. 1F) . On the basis of the aforementioned findings, it was concluded that the high signal intensity observed during DWIBS/T2 imaging was a false positive.
Discussion
DWI is known to improve the accuracy of the diagnosis of gallbladder cancer (22) . Upon DWI, a high signal intensity is observed for cystic lesions in ADM, indicating the presence of the Rokitansky-Aschoff sinus (22) . Compared with benign lesions, gallbladder cancer displays significantly lower signal intensity on the ADC map (23) . These studies indicate that a definitive diagnosis of ADM or gallbladder cancer is dependent upon the ADC values. In the present study, the Rokitansky-Aschoff sinus was negative upon DWIBS/T2 imaging, as was the thickened wall of the ADM. The ADC values or ADC map were also valuable in diagnosing T2 shine-through for the Rokitansky-Aschoff sinus, and in confirming the ADM or gallbladder cancer diagnoses. 
A B C D E F
At present, few previous studies have reported the use of DWI for the diagnosis of ADM, and no report has been found regarding the use of DWIBS in ADM diagnosis. Ogawa et al (24) reported the use of DWI in gallbladder diseases; DWI was positive in 11% of their patients (they determined a result to be positive when a high signal was observed). There is a possibility that T2-shine through may be read as a positive result. Therefore, in the present study, the possibility of T2-shine through was omitted using a ADC map and ADM was negative with DWIBS/T2. In addition, DWIBS/T2 enabled the evaluation of signals in anatomical settings. These findings suggested that negative DWIBS/T2 results may be considered useful for the diagnosis of ADM.
The ADC values for gallbladder cancer are significantly lower, as compared with those for benign lesions (22) . In the present study, only 1 of 10 patients displayed low signal intensity on the ADC map. It was suggested that the patient had gallbladder cancer; however, the surgical specimen revealed the presence of chronic cholecystitis with ADM, highlighting the difficulty in differentiating between chronic cholecystitis and ADM (4) . Chronic cholecystitis is known to cause false positives in DWI (24) . One patient with false positive DWI findings was diagnosed with chronic cholecystitis in the present study. Inflammation is also known to give rise to false positives in DWI (25) . It was speculated that chronic cholecystitis may be the underlying cause of the false positive findings in the present case.
A limitation of the present study is that it was based upon a small number of patients. Another limitation was that the present study did not include patients with gallbladder cancer. In the future, we propose to include greater numbers of patients, in particular, those with gallbladder cancer.
In conclusion, the majority of the patients with ADM displayed negative findings upon DWIBS/T2 imaging. A patient with a false positive finding had accompanying chronic cholecystitis.
